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PREFACE 


This  is  the  First  Annual  Report  of  work  performed  under  the  Environmental 
Research  Addendum  P0009  of  Air  Force  Contract  /.F3361 5-73-C-4059 . Work  under 
this  portion  of  the  contract  covers  the  period  February  1,  to  June  15,  1974 
and  encompasses  projects  I thru  IV. 

Project  I is  entitled,  "Gymnosperm-Angiosperrn  Studies."  Project  II  is 
entitled,  "Fish  and  Aufwuchs  Bioassay."  Project  TII  is  entitled,  "Use  of 
Unicellular  Algae  and  Evaluation  of  Potential  Aquatic  Contaminants."  Project 
IV  is  entitled,  "Effects  of  Pollutants  on  Eggs,  Embryo  and  Larvae  of  the 
Leopard  Frog,  Rana  pipiens." 

Project  Director  for  Project  I is  Dr.  Shimshon  Lerman,  Project  Director  for 
Project  II  is  Dr.  Robert  Cooper.  Project  Director  for  Project  III  is  Dr.  Jan 
Scherfig.  Project  Director  for  Project  IV  is  Dr.  Gerald  Greenhouse. 

Technical  Progress  for  each  of  these  projects  is  reported  separately  in  the 
present  document. 
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PROJECT  I 

GYMNOSPERM,  ANGIOSPERM  STUDIES 


GENERAL 

This  is  the  first  annual  technical  report  to  be  submitted  in  partial  fulfillment 
of  the  contract. 


RESEARCH  PROGRAM 


Screening  For  Plants  Which  Exhibit  A Range  Of  Phytotoxic  Responses  To  HC1  Gas 
Introduction 

In  comparison  to  other  air  pollutants,  hydrogen  chloride  gas  has  only  be«n 
considered  to  be  of  major  concern  in  isolated  cases.  Haselhoff  and  Lindau(l) 
reported  severe  injury  to  vegetation  in  the  vicinity  of  soda  factories  in 
England  and  Germany.  They  demonstrated  a wide  range  of  phytotoxic  responses 
of  various  plant  species  to  HC1  gas.  Seedlings  of  Viburnum  and  larch  were 
killed  after  less  than  2 days  of  exposure  to  5-20  ppm  of  HC1.  On  the  other 
hand,  HC1  concentrations  as  high  as  1,000  ppm  for  1 hour  were  required  to 
produce  bleached  lesions  on  the  leaves  of  fir,  beech,  and  oak,  and  2,000  ppm 
HC1  1 hour  daily  for  80  days  to  cause  necrosis  on  the  margins  of  maple,  birch 
and  pear  leaves.  Lacasse(2)  observed  HCl-type  injury  symptoms  on  vegetation 
within  a half  mile  from  a location  on  which  incineration  of  polyvinyl  chlorides 
took  place.  Shriner  and  Lacasse(3)  exposed  28-day-old  tomato  plants  to  5 ppm  HC1 
gas  for  2 hours.  The  test  plants  developed  interveinal  bronzing  followed  by 
necrosis  within  72  hours  after  exposure.  The  relative  sensitivity  of  12  tree 
species  to  HC1  gas  was  studied  by  Means  and  lacasse(4).  Coniferous  and  broadleaf 
seedlings,  2 to  5 years  old,  were  exposed  to  concentrations  of  3 to  43  ppm  of  HC 1 
gas  for  4 hours.  The  most  sensitive  of  the  broadleaf  species  was  Li riodendron 
tul i pifera , showing  visible  injury  at  3 ppm.  Pinus  s t rob us  was  the  most 
sensitive  of  the  coniferous  species,  showing  vis fMe”'iri jury  at  8 ppm.  Thuja 
occidentals  was  not  injured  at  43  ppm.  Lind  and  London(5)  exposed  mature' 
fTowenng  marigold  plants  to  high  concentrations  of  HC1  gas  for  5-minute 
periods.  Groups  of  plants  which  were  exposed  to  95  ppm  showed  little  or  no 
visible  damage.  Temporary  wilting  and  bleached  leaf  spots  were  the  responses 
of  plants  exposed  to  300  ppm.  Exposure  to  2071  ppm  of  MCI  gas  resulted  in 
severe  wilting,  marginal  anM  interveinal  leaf  necrosis,  stem  collapse,  and 
death  of  plants. 

Selection  Of  Ornamental  Plants 

A group  of  24  species  and  varieties  of  ornamental  plants  (table  1}  were  selected 
for  the  initial  screening.  The  selection  was  based  on: 


a. 


b. 


Literature  review. 
Contractor's  Experience. 
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c.  Information  obtained  from  the  University  of  California  Agricultural  Extension 
Service,  Santa  Barbara,  and  two  major  companies  which  produce  flower  seeds 

in  the  vicinity  of  Vandenberg  AFB. 

d.  Observations  in  the  field  by  the  contractor. 

Production  Of  Ornamental  Plants 

Seeds  of  11  out  of  the  24  plant  species  (marked*  in  table  1}  were  obtained  from 
a retail  seed  supply  house.  The  seeds  were  planted  in  peat  moss-sand  mixture. 

After  germination,  the  young  seedlings  were  transplanted  into  ^-inch  plastic 
pots.  U.C.-Type  II  soil  mix  (table  2)  was  selected  as  growing  medium  for  the 
plants.  The  plants  were  fertilized  weekly  with  standard  Hoagland  solution, 
starting  from  the  second  week  after  transplanting.  Day  temperatures  were 
regulated  by  evaporative  coolers  equipped  with  activated  charcoal  filters.  Daily 
temperature  maxima  were  between  80-90  F.  Occasionally,  periods  of  extreme  heat 
caused  temperatures  to  exceed  this  range.  Night  temperatures  ranged  between 
60  and  70  F. 

Exposure  Chambers 

Two  Plexiglass  exposure  chambers  were  modified  to  accownodate  the  exposure  of 
plants  to  both  gaseous  and  particulate  pollutants.  Each  chamber  measures 
0.75  m sq  by  1.0  m high.  The  basic  design  of  the  air-handling  system  is  similar 
to  that  described  by  Heck  et  al.(6)  Activated  charcoal  filtered  air  enters  the 
chamber  through  1.5-inch  PVC  pipe  (figure  1).  A blower  on  the  exhaust  side 
maintains  a negative  pressure  of  0.4  inch  of  water  in  the  exposure  chamber  at 
an  airflow  of  approximately  40  cfm  (two  changes  of  chamber  air  every  1-minute). 

The  rate  of  chamber  equilibration  after  starting  HCl  flow  into  the  chamber  is 
presented  in  figure  2. 

Equipment  For  Generating  And  Dispensing  HCl  Gas 

A series  of  tests  were  completed  to  evaluate  two  methods  for  generating  and 
dispensing  HCl  gas: 

a.  Gaseous  HCl  (99.5*)  is  diluted  to  a 10*  level  and  then  metered  into  the 
airstream  entering  the  plant  exposure  chamber. 

b.  HCl  gas  is  generated  by  the  method  described  by  Hill  pt  al.{7)  for  generating 
MF  gas.  Air  saturated  with  water  vapor  is  bubbled  through  an  aqueous  solution 
of  HCl.  The  desired  concentrations  of  HCl  gas  at  the  exhaust  tube  was  obtained 
by  controlling  the  air  flow  and  the  temperature  of  the  HCl  solution. 

Method  b was  found  to  be  more  reliable  than  a,  and  was  selected  for  future  study. 

Equipment  For  Monitoring  KC1  Gas 

A series  of  tests  were  conducted  to  evaluate  three  methods  for  monitoring  MCI 
gas  in  the  plant  exposure  chambers: 

a.  Continuous  monitoring  of  chamber  air:  Electrochemical  monitor.  A Hast 

Nicrocoulomb  instrument  of  the  type  coanonly  used  to  monitor  total  oxidants 
was  adapted  to  measure  HCl  gas  as  described  by  Miller  et  al.{8)  The  system 
was  found  to  be  useful  for  monitoring  HCl  levels  not  greater  than  3 mg/m>  (2  pp*i). 
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b.  Periodic  sampling  of  chamber  air. 

A given  amount  of  air  containing  HC1  gas  was  bubbled  through  a dilute 
solution  of  nitric  acid.  The  Chloride  was  titrated  with  standard  silver 
nitrate,  using  the  potential  difference  between  glass  electrode  and  a silver 
electrode  as  an  indication  of  the  end  point. 

c.  Continuous  monitoring:  Microcoulometer  chloride  analyzer.  A research  group 

from  USAFSAM/VNL,  directed  by  Dr.  Robert  J.  Reyes,  adapted  a coulometric 
instrument  for  continuous  HC1  analysis.  Tests  were  conducted  to  evaluate 
this  method  along  with  the  periodic  sampling.  The  two  methods  agreed  within 
10%  at  10  ppm  level  of  HC1  gas  in  chamber  air. 

d.  An  Analytical  Automatic  Chloride  Titrator,  designed  for  the  determination 
of  chlorides  in  solution  is  being  modified  for  continuous  monitoring  of  HC1 
gas  in  air. 

Exposure  Of  Plants  To  HC1  Gas 

Groups  of  5 to  10  plants  of  various  age  levels  from  each  species  (marked**  in 
table  1)  were  exposed  to  HC1  gas  at  concentrations  ranging  from  1 to  25  ppm  for 
a period  of  20  minutes.  An  equal  number  of  control  plants  were  used  for  each 
experiment.  Temperatures  and  relative  humidity  in  the  chambers  at  the  time  of 
exposure  ranged  from  75  to  95  F and  47  to  615  respectively.  The  range  of 
phytotoxic  responses  is  presented  in  figures  3 through  12,  and  in  table  .1. 

Screening  For  Plants  Which  Exhibit  AJlatuje  Of  Fhjiotoxtt  Responses  lo  HE  Gas 

Equipment  For  Generating  And  !>i\t»e»s  in.}  r:  Gas 

a.  A generator  for  HF  gas  was  constructed  as  describe.,  v.  r » 1 et  a 1 . { .• } 
Equipment  And  Methods  For  Monitoring  Hf  Gas 

a.  Periodic  sampling  of  chamber  air.  A given  amount  of  air  containing  of  gas 
was  bubbled  through  aqueous  solution.  The  fluoride  ions  were  determined 
with  a specific  ion  electrode. 
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TABLE  1 


LIST  OF  ORNAMcNTAL  PLANTS  FOR  THE  INITIAL  SCREENING 
*Plar.cs  Currently  Under  Investigation 
**Plants  Exposed  To  HC1  Gas 


1.  Alyssum  (Alyssum,  sp.) 

**2.  Aster  (Callistephus  chinensis) 

3.  Azalea  (Rhododendron,  sp. ) 

*4.  Begonia  TBegoriia^  semper'floreris) 

**5.  Calendula  (Calendula  officinalis) 

6.  Celosia  ( Cel  os i a cristata") 

**7.  Cornflower  (Centaurea  cyanus) 

**8.  Cosmos  (Cosmos,  sp. ) 

9.  Daisies  ~(Rudbeckis  hirata) 

10.  Geranium  (Pelar'goni urn,  sp.) 

11.  Hollyhock  (Alth'ea~Tosea) 

12.  Lilac  (Syringa,  spT) 

13.  Lobelia  (Lobelia  erinus) 

**14.  Marigold,  American  (Tagetes  erecta) 
**15.  Marigold,  French  (Tagetes  patula)  ~ 
**16.  Nasturtium  (Tropaeolum,  spT) 

**17.  Petunia  (Petunia,  sp.) 

18.  Pine,  ponderosa  (Pinus  ponderosa) 

19.  Salvia  (Salvia  splendensl 
**20.  Snapdragon  (Antirrhinum  majus) 

21.  Sweet  Pea  (Lathyrus  odoratusT 

22.  Verbena  (Verbena,  spT) 

*23.  Zinnia  (Zinnia  augustifol ia) 

24.  Zinnia  (Zinnia  elegans) 


TABLE  2 

U.C.-TYPE  II  SOIL  MIX 
Ingredients  per  cubic  yard  of  mix: 


Soil 

14  cu. 

ft 

Canadian  Peat  Moss 

7 " 

H 

Redwood  Shavings 

7 " 

II 

Single  Super  Phosphate 

2-1/2 

lbs 

kno3 

4 oz 

<2so4 

4 oz 

Dolomite  Limestone 

3-3/4 

lbs 

Oyster  Shell  Lime 
Micronutrients 

1-1/2 

lbs 

Cu 

30  ppm 

(dry  basis) 

Zn 

10  " 

Mn 

15  " 

Fe 

15  " 

4 
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Figure  1.  Exposure  Chamber,  a.  Air  inlet,  b.  Distribution  tube  (1.5  inch 
PVC  tube),  c.  Blower,  d.  Exhaust  duct  (4-inch  PVC).  e.  Toxicant  dispensing 
tube  (heated  Teflon  tubing  from  HCL/HF  generators),  f.  Constant  temperature 
bath  (houses  the  toxicant  generators),  g.  Sampling  tube.  h.  Wet  test  meter. 
1.  Sampling  pump  j.  Wet  and  dry  bulb  thermocouples. 


Figure  3.  The  Effects  of  HC1  Gas  on  29-Dc.y-Old  Nastu, tium  Plants,  a.  Plant 
exposed  to  8.2ppm  HC1  for  20  minutes,  b.  Control  plant. 
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F. ■ECT  II 

FISH  AND  AUFV-CHS  BIOASSAY 


GENERAL 

This  is  the  first  Annual  Report  to  be  submitted  in  partial  fulfillment  of 
the  contract. 

METHODS 

Unless  otherwise  specified  all  determinations  are  performed  in  accordance  with 
Standard  Methods(9)  as  follows. 

1.  D.O.  - Dissolved  oxygen  is  measured  using  the  azide  modification  of  the 
the  Winkler  method. 

2.  BOD  - Biological  oxyga.t  demand  is  measured  by  means  of  the  dilution  and 
seeding  method. 

3.  COD  - rhemical  oxygen  demand  is  measured  by  a modification  of  Standard 
Methods  in  wh-.ch  HgSO^,  KgCr^O j and  I^SO^  containing  AgSO^  are  mixed 
together  and  :ooled  in  a water  bath  prior  to  addition  of  sample. 

4.  96-hour  Tl..^  - Median  tolerance  limits  are  determined  by  Standard  Methods 
utiii'ing  semi  log  coordinate  paper  with  concentration  plotted  on  logarithmic 
axis  and  percent  survival  on  arithmetic  axis. 

5.  Auf.vuchs  Bioassay 

a.  Aufwuchs  are  deve^ped  on  roughened  tygon  tubing  in  growth  unit  racks 
according  to  the  procedure  of  Krock  and  Mason(IO). 

b.  Biomass  - Dry  and  ash-free  weights  are  measured  for  periphyton  according 
co  Standard  Methods. 


c.  Chlorophyll  a content  measured  using  acetone  extraction  technique  in 
Standard  Methods . 

d.  Metabolic  measurements  - Growth  units  are  exposed  to  light  and  dark 
conditions  according  to  the  method  of  Krock  and  Mason(lO). 

Instrumentation  Used  For  Specific  Determinations  Is  As  Follows: 

1.  pH  - Radiometer,  pH  Meter  225  with  a combination  electrode. 

2.  Conductivity  - Beckman  conductivity  bridge,  Model  RC-19. 

3.  Turbidity  - Hach  Turbi  Mmeter,  Model  2100,  standardized  with  a forma 7 'in 
suspension. 

4.  TOC  - Beckman  Total  Organic  Carbon  Analyzer,  Model  915  with  an  Infrared 
Analyzer  Model  215  A. 

5.  Chlorophyll  - Beckman  Spectrophotometer,  Model  DU. 


18 


COMPOUND  PREPARATION 


Development,  of  a suitable  method  of  solubilization  of  the  fuels  RJ  4,  RJ  5 and 
JP  4 was  the  goal  at  the  outset  of  experimentation. 

Acetone  was  first  investigated  as  a possible  solvent  for  the  fuels  in  static 
fish  bioassays.  At  concentrations  of  up  to  0.1%  RO  4 in  1 g/2  acetone  there 
was  100%  fish  survival  for  eight  days  in  both  aerated  and  nonaerated  series  of 
uncovered  I gal  jars  (3  fish/3e).  This  indicated  no  acute  effect  of  RJ  4,  but 
a film  on  the  surface  demonstrated  that  acetone  was  not  effective  in  solubilizing 
the  fuel . 

Vigorous  shaking  in  a separatory  funnel  also  failed  to  produce  a stable  saturated 
condition,  and  attention  was  then  directed  to  use  of  a stainless  steel  Waring 
Blender.  A reasonably  stable  emulsion  was  produced  by  the  blender  although  some 
separation  was  noted.  For  this  reason  a standardized  procedure  was  adopted  in 
which  10  mt  or  fuel  diluted  to  1 i with  distilled  water  (1%  by  volume  concentration) 
is  blended  for  one  hour  and  placed  in  a separatory  funnel.  After  one  hour 
residence  to  allow  for  separation,  the  lower  portion  or  approximately  200  mi  is 
drawn  off  and  discarded.  Then  the  middle  zone  is  drawn  off  and  retained  for  use. 

Although  accurate  determination  of  the  actual  fuel  concentrations  in  the  emulsions 
must  await  quantitative  measurement  by  gas  chromatography , a rough  estimate  was 
made  by  comparison  of  the  theoretical  versus  the  measured  TOC  concentration  of 
the  emulsions  with  the  results  presented  in  table  1.  Aliquots  of  0.18mi  of  1%  by 


TABLE  1 

FUEL  CONCENTRATION 


Fuel 

Theoreti cal 

Measured 

Volume 

Cone. 

% 

Specific 

Gravity 

g/m2 

Cone, 
mg/ 2 

TOC 
mg/ 2 

C 

% 

Cone. 

mg/2 

RJ  4 

0.00018 

0.925 

1.66 

1.2 

87.0 

1.38 

RJ  5 

0.00018 

1.0813 

1.95 

2.4 

89.2 

2.69 

JP  4 

0.00018 

0.746 

1.34 

0.7 

87.0 

0.80 

volume  fuel  emulsions  were  diluted  to  1 i giving  theoretical  volume  concentrations 
of  0.00018%.  Conversion  to  weight  concentrations  yielded  theoretical  values  of 
1.66  mg/2  for  RJ  4,  1.95  mg/2,  for  RJ  5,  and  1,34  mg/2  for  JP  4.  Based  on  total 
organic  carbon  (TOC)  analyses  the  measured  fuel  concentrations  were  1.38  mg/2 
for  RJ  4,  2.69  mg/2  for  RJ  5,  and  0.80  mg/2  for  JP  4.  The  lower  density  fuels, 

RJ  4 and  JP  4 tend  to  separate  tv  the  top  resulting  in  a lower  concentration  in 
the  portion  drawn  from  the  bottom,  and  the  reverse  phenomena  was  indicated  by 
the  high  density  RJ  5. 

Another  fairly  crude  estimate  of  the  fuel  concentration  in  the  emulsions  was 
performed  by  COD  determinations.  Theoretical  COD's  were  computed  for 
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RJ  4 and  RJ  5 from  their  molecular  formulas  and  compared  to  measured  COD 
concentrations  as  follows: 

RJ  4 

Molecular  formula  - C12H20 

24H20  + C12H20  -4-  12C02  + 68H+  + 68e" 

68e"  + 68H+  + 1702  -*■  34H20 

C12H20  + 1702  - 12C02  + 10H20 
1702  = 544  g 

M.W.  RJ  4 = 164  g at  a density  of  0.925  g/m«, 

0.925  (yp)  = 3.068  g/mfi. 

Theoretical  COD  = 3.068  x 106  mg/m£ 

Measured  COD  = 2.1  x 106  mg/nu 

The  difference  between  measured  arid  theoretical  COD  indicates  about  70% 
solubilization  which  is  in  good  agreement  with  the  80%  solubilization  indicated 
by  TOC  results. 

RJ  5 

Molecular  formula  = C14H20 

28H20  + C14H2Q  + 14C02  + 76H+  + 76e' 

76H+  + 76e“  + 1902  38H20 

Ci 4H20  19^2  1 4C02  ^ 10H20 

1902  = 188  g 

M.W.  RJ  5 = 188  at  a density  of  1.0813  g/mt 

1.0813  = 3.5  g/mt 

Theoretical  COD  » 3.5  x 106  mg/i. 

Measured  COD  = 3.0  x 106  mg fa 

The  difference  of  measured  to  theoretical  COD  indicates  86%  solubilization 
of  RJ  5 or  much  less  than  the  TOC  results  which  indicated  135%  solubilization. 
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JP  4 


Since  JP  4 contains  a mixture  of  C6  to  Cj3  compounds,  it  was  not  possible  to 
compute  the  theoretical  COD  without  specific  information  on  the  exact  composition. 
The  measured  COD  was  4 x 105  mg/2.. 


STATIC  FISH  BIOASSAYS 


Nonemulsified  Fuels 

Two  fish  bioassays  have  been  conducted  in  RFS  tap  water  to  determine  the 
toxicity  to  golden  shiners  of  RJ  4,  RJ  5,  and  JP  4 in  the  nonemulsified  form. 

In  preliminary  range-finding  studies  there  were  erratic  fish-death  rates  noted 
under  these  conditions,  leading  to  speculation  that  this  may  be  due  to  chance 
encounters  of  fish  with  globules  of  fuel.  The  aim  of  full-scale  studies  was  to 
investigate  this  phenomenon  more  fully  and  to  determine  whether  meaningful  TL50 1 s 
can  be  established  for  the  fuels  when  added  in  the  pure  form.  The  two  studies 
are  reported  independently,  and  the  results  are  then  combined  to  yield  TLso's 
based  on  20  fish  per  concentration.  The  Richmond  tap  water  used  was  of  medium 
hardness  with  a measured  concentration  of  125  ppm  and  the  alkalinity  measured 
100  mg/£. 

Study  1 

The  procedure  was  to  provide  the  following  toxicant  volumes  per  10  z of  dilution 
water:  1,  5,  10,  50  and  100  mt.  Preceding  the  test,  approximately  170  fish 
were  placed  in  an  acclimation  tank  for  three  days  exposure  to  the  25  C tem- 
perature of  the  study.  Sixteen  jars  of  20  i capacity  each  received  10  a of 
RFS  water  and  were  allowed  to  dechlorinate  by  aeration  and  come  to  temperature 
over  the  3-day  period. 

Before  introduction  of  the  fish,  each  jar  was  aerated  vigorously  for  45  min, 
and  then  the  experimental  condition  of  minimal  aeration  was  applied  using  non- 
dispersed  air  pumped  slowly  by  means  of  Buchler  polystaltic  pumps.  The  initial 
DO  was  measured  as  8.02  mg/s,  and  initial  pH  at  8.24. 

Ten  fish  were  then  added  to  each  jar  and  the  toxicant  was  added  in  a manner 
to  preclude  contact  with  the  fish.  The  feeding  behavior  of  the  fish  is  such 
that  to  discourage  attempts  to  eat  the  toxicant  as  it  sinks  to  the  bottom,  RJ  5 
was  introduced  well  below  the  water  surface. 

Table  2 shows  that  difficulty  was  experienced  in  maintaining  the  minimal  required 
DO  level  of  4 mg/s,.  The  number  of  air  bubbles  per  minute  was  increased  on  day  1 
to  the  maximum  capacity  of  the  pump.  The  bubbles  were  not  of  constant  size  and 
where  less  than  100  bubbles  per  minute  were  measured,  their  size  was  larger  than 
the  norm.  The  two  fuels  which  remained  on  the  water  surface  RJ  4 and  JP  4, 
caused  a diminution  of  the  DO  at  the  higher  concentrations  indicating  interference 
with  oxygen  transfer.  In  the  RJ  4 series,  the  50  mt/10t  cone.  (Jar  No.  5),  the 
surface  film  almost  covered  the  entire  surface,  and  for  the  100  nw/10  «,  cone. 

(Jar  No.  6)  the  entire  surface  was  covered.  At  lower  concentrations  the  surface 
action  of  the  fuel  formed  circular  globules.  JP  4 formed  a film  instead  of  glob- 
ules demonstrating  a greater  spreading  capacity.  The  surfaces  of  Jars  15  and  16 
were  completely  covered  by  films,  but  at  lower  concentrations  there  was  exposed 
surface  present. 


21 


TABLE  2 


STUDY  1 - DISSOLVED  OXYGEN  CONCENTRATIONS 


mg/a 


1 

Toxi cant 

Toxicant 

Cone. 

ma/a 

Time  in  Hours 

Aeration 

Rate 

Bubbles 

per 

Minute 

pH 

0 

m 

48 

72 

96 

1 

con trol 

0 

7.94 

4.84 

180 

8,25 

7.42 

2 

RJ 

4 

0.1 

4.75 

5.48 

4.74 

120 

7.50 

3 

RJ 

4 

0.5 

4.93 

5.69 

130 

7.52 

4 

RJ 

4 

1.0 

4.68 

4.64 

164 

7.45 

5 

RJ 

4 

5.0 

8.05 

4.24 

4.95 

5.59 

62 

8.25 

7.41 

6 

RJ 

4 

10.0 

3.64 

3.15 

3.35 

2.5° 

116 

7.20 

7 

RJ 

5 

0.1 

4.59 

126 

7.20 

8 

RJ 

5 

0.5 

4.81 

156 

7.44 

9 

RJ 

5 

1.0 

8.05 

5.14 

140 

8.25 

7.53 

10 

RJ 

5 

5.0 

4.04 

3.92 

3.15 

3.13 

70 

7.39 

11 

RJ 

5 

10.0 

3.72 

3.48 

5.00 

5.02 

58 

7.52 

12 

JP 

4 

0.1 

4.79 

no 

7.47 

13 

JP 

4 

0.5 

4.75 

4.00 

4.94 

132 

7.45 

14 

JP 

4 

1.0 

4.59 

5.14 

5.50 

3.81 

162 

7.35 

15 

JP 

4 

5.0 

4.12 

3.32 

168 

16 

JP 

4 

10.0 

8.05 

4.13 

8.20 



Table  3 shows  that  the  fish  survival  pattern  is  erratic  for  RJ  4 and  therefore 
only  a range  of  concentrations  can  be  estimated  for  the  TL50.  With  this 
limitation  the  48  hr  TL50  is  9250  mg/a,  the  96  hr  TL50  approaches  100  mg/a 
although  there  is  70%  survival  at  the  much  higher  concentration  of  1000  mg/a. 

For  the  other  two  fuels  the  survival  pattern  is  consistent.  The  toxicant 
concentration  was  corrected  for  density  (specific  gravity  of  RJ  5 = 1.0813), 
and  the  following  TL50  measurements  were  computed. 


mg/a 


For  OP  4 (specific 


24-hour 

48-hour 

72-hour 

96-hour 

gravity  = 0.746) 


24-hour 

48-hour 

72-hour 

96-hour 


10,800 

5,410 

2,980 

the  following  TL50 

mg/a 

1,045 

285 

285 

285 


results  were  obtained: 
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TABLE  3 


FISH  SURVIVAL  IN  STUDY  1 


will 

1 

Toxicant 

Toxicant 

Cone. 

m/i 

FI 

Ti 

sh  Survival 
me  in  Hours 

24 

48 

— 

72 

96 

■ 

control 

0 

10 

10 

10 

Wk 

RJ 

4 

0.1 

9 

8 

4 

3 

Sp 

RJ 

4 

0.5 

10 

10 

5 

3 

mm 

RJ 

4 

1.0 

10 

10 

9 

7 

5 

RJ 

4 

5.0 

10 

5 

3 

1 

6 

RJ 

4 

10.0 

9 

5 

3 

1 

7 

RJ 

5 

0.1 

10 

10 

10 

10 

8 

RJ 

5 

0.5 

10 

10 

10 

9 

RJ 

5 

1.0 

10 

10 

10 

RJ 

5 

5.0 

9 

8 

5 

2 

11 

RJ 

5 

10.0 

9 

5 

SI 

3 

12 

JP 

4 

0.1 

10 

13 

JP 

4 

0.5 

10 

■9 

14 

JP 

4 

1.0 

6 

3 

15 

JP 

4 

5.0 

1 

0 

0 

0 

16 

JP 

4 

10.0 

0 

0 

0 

0 

Despite  the  obvious  limitations  of  establishing  a TL50  for  insoluble  materials, 
the  range  of  acute  toxicity  can  be  estimated  for  fuel  spills.  Because  of  the 
initial  difficulties  with  maintaining  DO  and  to  gain  a greater  measure  of 
statistical  validity,  the  study  was  repeated. 

Study  2 

In  this  study  the  problem  with  maintaining  DO  was  combatted  by  providing  1.5  % 
of  water  per  fish,  instead  of  1 £ of  water  per  fish.  The  only  other  difference 
from  Study  1 was  that  the  range  of  concentrations  used  for  RJ  5 and  JP  4 was 
narrowed. 

Experimental  conditions  with  respect  to  fuel  concentrations,  DO,  pH,  and  TOC 
are  reported  in  table  4.  In  this  study  the  DO  was  at  a satisfactory  level  for 
all  jars  except  the  three  highest  concentrations  of  JP  4.  In  these  Instances, 
the  fish  were  badly  stressed  by  the  fuel,  causing  them  to  increase  their  respiration 
rate  markedly.  There  were  many  fish  deaths  during  the  first  24  hours  in  these  jars 
(as  discussed  in  detail  later),  and  stress  probably  initiated  the  decreased  DO 
rather  than  vice  versa.  The  aeration  rate  could  not  be  increased  due  to  the  problem 
of  stripping  the  fuel.  The  use  of  the  higher  ratio  of  1.5t  of  water  per  fish  than 
previously  had  the  desired  effect  of  maintaining  the  DO  in  other  jars  that  had 
decreased  below  4 mg/£  in  the  first  study. 

There  was  no  problem  with  pH  encountered,  and  the  TOC  measurements  indicated  the 
limited  solubility  of  the  fuels.  Only  JP  4 demonstrated  substantial  initial 
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TABLE  4 


EXPERIMENTAL  CONDITIONS  IN  STUDY  2 


■ 

Jar 

No. 

Toxicant 

Toxicant 

Cone. 

mh 

Dissolved  Oxygen 
mg/x, 

pH 

p =====  ...  — as 

TOC,  mg/x, 

Time  in  Hours 

Initial 

Final 

Initial 

Final 

0^ 

24 

48 

96 

1 

0 

8.1 

5.8 

8.3 

7.7 

6.4 

7.1 

as 

m 

0.1 

7.9 

6.2 

7.7 

5.2 

9.5 

El 

0.5 

5.8 

7.7 

6.4 

8.9 

■9 

tm 

1.0 

5.7 

6.6 

7.7 

5.8 

7.7 

RJ 

4 

ms 

4.6 

5.2 

7.7 

17.2 

11.2 

RJ 

4 

10.0 

7.9 

5.4 

4.6 

8.4 

7.6 

6.4 

14.1 

0.5 

7.9 

f .2 

8.3 

7.7 

6.4 

10.1 

1.0 

5.9 

6.0 

7.7 

6.4 

8.9 

RJ 

5 

3.0 

5.7 

7.6 

5.2 

6.6 

10 

RJ 

5 

5.0 

5.1 

7.6 

6.4 

7.1 

11 

RJ 

5 

10.0 

7.9 

KB 

5.3 

7.6 

6.4 

7.7 

12 

JP 

4 

0.1 

■ 

5.0 

8.3 

7.6 

7.6 

7.7 

13 

JP 

4 

0.3 

8.0 

4.5 

7.6 

10.0 

12.4 

14 

JP 

4 

0.5 

2.2 

7.4 

14.8 

17.0 

15 

JP 

4 

1.0 

5.6 

i|S| 

2.3 

SSI 

12.4 

15.3 

16 

JP 

4 

3.0 

8.0 

5.5 

K&fl 

10.6 

.. 

22.3 

solubilization  (except  for  Jar  5 - the  5 mh  cone,  of  RJ  4).  The  pattern  of 
solubility,  which  indicates  a steady  increase  from  the  0.1  mh  concentration 
up  to  a maximum  of  0.5  followed  by  a steady  decrease  at  the  higher  volumetric 
concentrations,  is  thought  to  be  related  to  the  fuel  behavior  when  it  is  added 
to  water  In  the  nonemulsified  form.  At  the  0.1  mh  concentration  there  is  a 
globule  of  fuel  about  2 inches  In  diameter  with  a few  droplets  of  fuel  dispersed 
on  the  surrounding  surface.  At  the  0.3  mh  concentration  a larger  globule  of 
fuel  (about  4 Inches  in  diameter)  Is  present  with  a larger  nunber  of  dispersed 
droplets  scattered.  The  0.5  mfc/x,  concentration  has  an  elliptical  shaped  globule 
about  4 inches  by  5-1/2  Inches  in  size  and  still  more  dispersed  droplets.  However, 
at  the  higher  concentration  of  1.0  mu A there  is  an  even  film  covering  most  of 
the  water  surface  and  a reduction  in  dispersed  droplets.  The  3.0  mh  concen- 
tration produces  a film  that  covers  the  entire  surface.  It  appears  that  the 
dispersed  droplets  are  responsible  for  the  solubilization  that  occurs  and  that 
little,  if  any,  molecular  exchange  Occurs  between  water  and  the  globules. 
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Fish  survival  data  is  presented  in  table  5 and  from  this  the  following  TL 
corrected  for  fuel  density,  were  determined: 


RJ  5,  mg/i 

24  hours 

48  hours  .....  9700 

72  hours 950 

96  hours 850 

RJ  4,  mg/i 

24  hours 

48  hours 630 

72  hours 460 

96  hours 

OP  4,  mg/i, 

24  hours 1300 

48  hours 500 

72  hours 420 

96  hours 420 

TABLE  5 

FISH  SURVIVAL  IN  STUDY  2 


Toxicant 


control 


Toxicant 

Cone. 

Fish  Survival 
Time  in  Hours 

mi/i 

24 

48 

72 

96 

10  10  10  10 


0 10  7 

0 10  6 

0 8 3 


ml 


3 

10 
8 8 
3 3 


lit 


10  10 
10 

6 | 6 
1 


The  RJ  5 data  is  erratic  in  this  study  with  more  deaths  noted  at  a concentration 
of  1 m i/i  than  at  either  3 m/i  or  5 m ill.  However,  when  this  data  is  combined 
with  that  of  Study  1 and  survivals  are  based  on  20  fish,  the  results  follow  a 
uniform  pattern  with  respect  to  time  and  concentration.  The  combined  results 
also  strengthen  the  data  for  JP  4. 

A summary  of  the  results  of  Study  1 and  Study  2 and  the  TL50‘s  from  a plot  of 
the  combined  results  is  as  follows: 


Time 

JP  4 TL50,  mg/it 

Hours 

Study  1 

Study  2 

Combined 

24 

1045 

1300 

1170 

48 

285 

500 

450 

72 

285 

420 

380 

96 

285 

420 

380 

Time 

Hours 

JP  5 TL50,  mg/fc 

Study  1 

Study  2 

Combined 

24 

- 

- 

- 

48 

10,800 

9700 

10,000 

72 

5,410 

950 

7,700 

96 

2,980 

850 

5,400 

- . . 

The  acute  toxicity  of  RJ  5 becomes  meaningful  when  the  data  from  the  two  studies 
are  combined,  and  that  this  toxicity  is  quite  low  in  comparison  to  that  of  JP  4. 
This  comparison  indicates  the  relative  insolubility  of  RJ  5 compared  to  JP  4. 

The  erratic  nature  of  RJ  5 results  may  be  due  to  chance  encounters  of  fish  with 
the  pool  of  fuel  on  the  bottom  of  the  jars. 

This  chance  encounter  phenomenon  may  serve  to  explain  the  results  for  RJ  4 which 
present  an  unusual  pattern  of  toxicity.  Figure  1 shows  that  fish  survival  is 
dependent  on  time  and  relatively  independent  of  concentration,  as  there  is  only 
a slight  decrease  in  fish  survival  as  concentration  increases;  the  overwhelming 
factor  is  time  of  exposure.  As  length  of  exposure  progresses  for  each  24-hour 
period  after  the  first,  there  is  a significant  reduction  in  survival.  These 
results  suggest  either  that  toxicity  is  a function  of  both  time  and  concentration 
or  that  chance  encounters  of  the  fish  with  the  fuel  film  on  the  surface  are 
responsible.  Results  of  the  flume  study  (reported  in  a subsequent  section) 
suggest  the  latter.  The  fish  were  placed  in  a separate  container  from  the  flume 
which  simulated  a running  stream  of  water  with  an  excess  of  fuel.  Fish  were 
continuously  exposed  to  the  stream  of  water  which  recirculated  through  the 
container,  but  there  was  no  possibility  of  direct  contact  with  the  fuel  globules. 
Under  these  circumstances  fish  survival  with  respect  to  RJ  4 was  equivalent  to 
the  control,  i.e.  more  than  902  over  a period  of  35  days.  The  flume  study  was 
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The  flume  study  was  terminated,  and  It  was  concluded  that  there  is  no  toxicity  due 
to  solubilization  of  RJ  4 under  normal  stream  conditions. 

Assuming  that  encounters  of  fish  with  globules  of  fuel  are  responsible 
for  deaths,  then  the  impact  of  fuel  concentration  Is  a physical  phenomenon  and 
relates  to  percentage  of  surface  area  covered  by  the  globule,  the  size  of 
globules  relative  to  fuel  concentration  was  discussed  previously,  and  the  minor 
role  played  by  concentration  is  due  to  the  slightly  greater  probability  of  fish 
encounters  with  larger  globules. 

Emulsified  Fuels 

Emulsification  of  fuels  represents  the  opposite  extreme  from  the  pure 
fuel  situation  in  terms  of  boundary  conditions  that  might  exist  if  a spill 
occurs.  Studies  with  emulsified  fuels  have  all  been  preliminary  to  date  with 
insufficient  fish  to  provide  statistical  validity.  Nevertheless,  these  range- 
finding studies  have  furnished  good  indications  of  the  high  degree  of  toxicity 
that  might  be  expected.  Due  to  the  preliminary  nature  of  these  studies,  only 
brief  summaries  will  be  presented.  The  procedure  for  emulsification  of  fuels 
was  outlined  previously. 

Study  1 

The  toxicity  of  RJ  4 was  investigated  by  exposing  golden  shiners  to  the  following 
series  of  decimal  dilutions:  control,  Q.01%,  0.005%,  0.001%,  0.0005%  and  0.0001%. 
Five  fish  were  placed  in  10  t of  dechiorinated  San  Pablo  Reservoir  water  (hard- 
ness s 108  mg/4,  Alkalinity  3 81  mg/?.).  The  fish  had  an  average  weight  of  1.34  g, 
an  average  length  of  4.7  cm,  and  the  water  teatperature  was  23  C. 

Results,  corrected  for  fuel  density,  indicate  the  following  Tt«,g's: 

mil 

24-hour  . . 51 

48- hour  . . 14 

96-hour  . . 6.5 


Study  2 

The  toxicity  of  RJ  5 and  JP  4 was  studied  in  Richmond  tap  water  using  three  fish 
per  3 i at  a temperature  of  24  C.  Decimal  concentrations  of  0.0001%,  G.OOH, 

0.01 S,  and  0 . 1 S of  each  fuel  were  prepared. 

Correcting  for  fuel  density  the  96-hour  TL$0  for  RJ  S was  0.7  mg/i  and  for  JP  4 
was  12  og/i. 

The  results  of  these  experiments  indicate  the  high  acute  toxicity  of  the  fuels 
In  the  emulsified  form.  JP  4 demonstrates  relatively  less  toxicity  than  RJ  4 cr 
RJ  5,  which  is  the  reverse  of  nunemulsified  results.  RJ  5 indicates  the  greatest 
toxicity  in  the  emulsified  fora  and  by  far  the  least  acute  toxicity  in  the 
noneaulslfied  fora. 

More  bioassays  are  currently  underway  in  order  to  fully  investigate  the  acute 
toxicity  of  emulsified  fuels. 
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AUFWUCHS 


Lafayette  Reservoir 

A static  periphyton  bioassay  was  conducted  to  determine  the  photosynthesis 
and  respiration  response  to  the  three  fuels,  RJ  4,  RJ  5,  and  JP  4.  It  was 
originally  planned  to  utilize  a series  of  concentrations  of  each  fuel,  but 
limited  growth  restricted  this  test  to  a single  concentration  which  was  estimated 
to  be  of  minimal  toxicity  based  on  results  of  fish  bioassays.  This  concentration 
was  18  x 10" 5%  by  volume  prepared  by  taking  0.18  m£  of  a 1$  emulsion  of  each 
toxicant  diluted  to  1 i. 

The  procedure  for  aufwuchs  growth  was  to  place  two  growth  unit  racks  in 
the  Lafayette  Reservoir.  Each  rack  consisted  of  30  individual  growth  units 
of  roughened  tygon  tubing,  approximately  5 cm  long  and  1.2  cm  in  diameter.  The 
racks  were  suspended  50  cm  below  the  surface  of  the  water  by  attachment  to  a 
wooden  buoy  anchored  to  the  water  intake  tower  of  the  reservoir. 

The  Lafayette  Reservoir  receives  fresh  water  from  the  Sierra  Nevada  mountain 
range  via  the  Mokelumne  aqueduct.  Considerable  surface  runoff  is  also  contained 
in  the  reservoir  making  it  one  of  the  more  eutrophic  reservoirs  in  the  East 
Bay  Municipal  Utility  District  system.  For  this  reason  the  District  frequently 
adds  copper  sulfate  to  retard  algal  growth.  These  treatments  occurred  two  times 
during  the  seven  week  period  of  aufwuchs  development.  Inrnediately  before  each 
treatment  the  growth  racks  were  removed  from  the  reservoir,  stored  in  a container 
of  reservoir  water  for  a period  of  72  hours,  and  then  returned. 

The  period  of  development  was  from  March  2?  to  May  15,  1974,  or  47  days. 

This  lengthy  period  was  required  to  obtain  even  a minimal  growth  deemed  suitable 
for  conducting  the  metabolic  response  test. 

Utilization  of  the  periphyton  growth  was  as  follows: 

1.  Preservation  in  formaldehyde  (2  units) 

a.  Scraped 

b.  intact 

l,  Biomass  accumulation 

a.  Volatile 

b.  Ash  component 

3.  Chlorophyll  a accumulation 

4.  Metabolic  characteristics 


a.  Photosynthesis 

b.  Respiration 

Results,  presented  in  table  6,  represent  the  averages  of  four  growth  units 
per  fuel  with  two  units  subjected  to  the  light  response  and  two  units  subjected 
to  the  dark  response.  Then  all  four  units  were  analyzed  for  weight  of  biofcass 
and  chlorophyll  a content. 
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LAFAYETTE  RESERVOIR  AUfWCMS  STATIC  BIOASSAY 
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From  the  results  it  is  apparent  that  there  was  a toxic  response.  The  gross 
photosynthesis  of  the  control  was  approx imately  twice  (0.095)  that  of  the  three 
fuels,  which  at  0.045,  0.040  and  0.050  may  be  considered  equal  and  average  47.5% 
of  the  control . 

The  photosynthetic  index  (PI)  with  respect  to  organic  weight  indicates  the 
same  order  of  magnitude  of  toxic  response  (45.5%  of  the  control).  The  PI  with 
respect  to  chlorophyll  a yields  an  average  for  the  three  fuels  of  5.17  or  60% 
of  the  8.6  value  of  the  control. 

Mokelumne  River 

To  augment  the  Lafayette  Reservoir  study,  on  May  23,  1974  four  growth  racks 
were  placed  in  the  Mokelumne  River  at  a point  approximately  1 mile  above  its 
confluence  with  the  San  Joaquin  River  in  the  Delta  Region  of  Northern  California. 
The  buoy  supporting  the  growth  racks  was  anchored  to  a dock  at  the  Willow  Berm 
Laboratory  operated  by  the  U.S.  Bureau  of  Reclamation  and  the  California 
Department  of  Water  Resources. 

It  is  anticipated  that  a period  of  two  to  three  weeks  may  be  required  for  an 
adequate  growth  to  develop. 

CONTINUOUS  FLOW  BIOASSAY 

Construction  of  Apparatus 

Plans  have  been  completed  and  construction  is  underway  on  20  stainless  steel 
tanks  to  be  used  for  continuous  flow  bieassays.  With  this  number  of  tanks 
it  will  be  possible  to  examine  four  fuels  at  four  concentrations  each  with  one 
control  for  each  group.  The  aim  of  these  studies  will  be  primarily  to  investi- 
gate the  breeding  success  of  fish  and  aifwuchs  response  in  the  presence  of  test 
fuels  either  in  the  emulsified  or  nonemuUified  form. 

Tank  dimensions  are  4 ft  by  1 ft  by  1 ft.  Facb  tank  will  be  fitted  with 
removable  perforated  stainless  steel  dividers  which  can  be  used  to  provide 
separate  chambers  as  needed  for  breeding  fish,  containing  egg  cups,  developing 
fry,  and  growing  aufwychs,  Proportional  dilutees  will  be  used  to  provide  the 
desired  concentrations  of  fuels.  Tanks  will  be  operated  at  a liquid  depth  of 
8 inches*  a capacity  of  75  and  influent  flow  rates  of  225  i per  day  per  Lank 
yielding  theoretical  residence  times  of  0 hours.  To  minimise  concentration 
gradients  that  might  occur  due  to  degradation,  recirculation  will  be  provided 
by  10  i per  minute  submersible  recirculation  pumps. 

The  test  specie  of  fish  selected  for  these  studies  is  Jordauiell a f lor i da 
commonly  known  as  flagfish.  This  selection  was  based  on  a number  of  advantages 
including  a 6 to  8 week  reproductive  cycle,  hardiness,  ease  of  mating,  and  ease 
of  sex  log. 

In  preparation  for  the  continuous  flow  studies,  breeding  success  experi- 
mentation and  development  of  a population  of  flaqfish  has  begun.  Six  glass 
jugs  are  in  use,  each  containing  one  male  and  three  females  which  is  the 
recommended  ratic  for  breeding  success.  Small  glass  containers  of  coarse  sand 
have  been  placed  within  the  jugs  to  serve  as  egg  cups.  The  ideal  temperature 
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range  for  flagfish  is  25-2'i'°C,  and  the  bioassay  room  is  therefore  now  maintained 
in  that  range.  It  is  also  desirable  to  have  16  horn's  of  light  per  day,  and  the 
room  rights  have  been  accordingly  wired  to  a timer. 

Flume  Study 

To  simulate  conditions  that  may  exist  in  a stream  if  a fuel  spill  occurs, 
fish  survival  and  the  fate  of  fuels  were  studied  in  flumes  located  in  the  SERL 
pilot  plant. 

Fcur  flumes,  each  with  dimensions  of  4 ft  in  length  by  1 ft  in  width  and 
8 inches  deep,  were  filled  with  dechlorinated  RFS  water.  The  volume  of  each 
flume  was  64  i and  at  the  end  of  each  flume  a fish  tank  was  provided  containing 
20  golden  shiners  in  approximately  83  i of  water.  Added  to  each  flume  was 
1200  m«,  of  fuel.  The  effluent  port  from  each  flume  was  2 inches  beneath  the  water 
surface  to  avoid  removing  the  surface  film  of  fuel  (or  bottom  layer  of  fuel). 
Recirculating  pimps  were  provided  for  continuous  recirculation  of  the  water  from 
the  container  to  the  influent  end  of  the  flume.  The  input  hose  delivered 
recirculated  water  beneath  the  surface,  but  the  effluent  stream  was  allowed  to 
fall  into  the  fish  container.  A summary  of  the  experimental  conditions  is  as 
follows: 


Test  Container 

1 

2 

3 

4 

Fuel 

JP  4 

control 

RJ  4 

RJ  5 

Flow,  a/trin 

10.7 

10.9 

9.1 

8.2 

Fuel  quantity,  nui 

12u0 

0 

1200 

1200 

Fuel  appearance 

covers 

surface 

covers 

surface 

thick  globule 
covers  about 
one-quarter  of 
bottom  area 

Number  of  fish 

20 

20 

20 

20 

The  dilution  water  was  Richmond  Field  Station  tap  water  recirculated  for  a period 
of  3 days  before  fish  were  introduced  in  order  to  achieve  dechlorination.  During 
this  period  water  was  added  as  needed  to  maintain  the  specified  volume.  The  study 
proceeded  from  April  29  to  June  3,  1974.  Other  test  conditions  included  the 
following:  the  average  standard  length  of  the  golden  shiners  was  4.8  cm  and 
the  average  net  weight  was  1.3  g;  average  maximum  air  temperature  was  20.5  C 
(ranging  from  16  to  27  C)  and  average  minimum  temperature  was  10.5  C (ranging 
from  6.5  to  13  C). 


Water  characteristics  during  the  course  of  the  study  are  summarized  in 
Table  7.  The  DO  remained  at  a satisfactory  level  throughout,  but  the  pC  rose 
to  a high  level  in  the  control  and  OP  4 flumes.  TOC  results  indicated  that 
OP  4 solubilized  to  an  appreciable  extent  initially,  and  then  diminished  either 
by  volatilization  or  degradation.  Neither  RO  4 nor  RJ  5 appeared  significantly 
different  from  the  control  with  respect  to  TOC. 


TABLE  7 


WATER  CHARACTERISTICS  DURING  FLUME  STUDY 


Time 

Flume 

Test 

Control 

JP  4 

RJ  4 

P.J  5 

ou , mg/  £ 

2 hr 

8.5 

18.1 

7.3 

8.5 

96  hr 

10.5 

14.6 

11.1 

10.0 

11  days 

7.1 

9.4 

6.9 

7.5 

)0,  mg/£ 

1 day 

9.1 

7.9 

8.6 

8.4 

32  days 

8.1 

7.7 

7.6 

7.9 

w 

1 day 

8.4 

8.4 

8.4 

8.4 

32  d^ys 

9.2 

2.5 

8.7 

8.3 

'urbi  dity 

1 day 

1.0 

3.9 

3.0 

0.9 

results,  presented  in  table  8,  show  there  was  100%  survival 
through  day  11  and  90%  survival  after  25  days.  At  this  point 
s terminated  because  of  a leak  in  the  flume.  The  fish  in  the 
showed  signs  of  stress  within  an  hour  after  addition  of  the  fuel 
ptoms  persisted  for  4 days,  but  thereafter  their  appearance  was 
. symptoms  correlate  with  the  TOC  results  which  indicated  that 
es.  This  resulted  in  a toxic  effect  initially,  but  as  volatile 
sipated  the  fish  were  able  to  recover.  The  fish  in  the  RJ  4 
0%  survival  until  day  10.  On  the  11th  day  and  until  the  end 
t,  95%  of  the  fish  survived.  The  fish  in  the  RJ  5 container 
val  until  the  17th  day,  80%  survival  from  the  21st  to  25th  day, 
rom  the  28th  to  31st  day  and  65%  survival  by  the  32nd  to  35th 
vident  then  that  with  RJ  5 the  toxic  effects  are  slow  to  develop 
4,  but  the  cumulative  effects  are  more  pronounced. 

e fuels  was  evaluated  by  odor  and  appearance.  Throughout 
there  was  a fuel  odor  apparent  in  all  the  fish  containers  except 
Initially  fuel  covered  the  entire  surface  area  of  the  JP  4 and 
nd  one-fourth  the  bottom  of  the  RJ  5 flume.  At  the  termination  of 
there  was  only  a thin  film  which  was  not  fuel  covering  approxi- 
f the  surface  area  of  the  JP  4 flumes,  and  the  other  half  of  the 
light  brownish-yellow  scum.  The  RJ  4 flume  was  still  covered 
the  film  was  thinner  with  many  insects  trapped  between  the  fue1 
water  surface.  The  surface  of  the  RJ  5 flume  was  normal , but  the 
on  the  bottom  surface  had  an  algae  growth  developing.  All  the 
algal  growth  attached  to  their  sides.  The  turbidity  present  in 
ported  in  Table  7)  was  attributed  to  algae  growth  and  bacteria 
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PROJECT  III 


USE  OF  UNICELLULAR  ALGAE  FOR 
EVALUATION  OF  POTENTIAL  AQUATIC  CONTAMINENTS 


GENERAL 

During  the  first  four  months  of  the  research,  the  efforts  have  been  concentrated 
in  the  following  areas: 

1.  Literature  survey 

2.  Development  of  equipment  and  procedures 

3.  Experimental  work 

TECHNICAL  PROGRAM 


Literature  Survey 

The  literature  survey  on  the  effects  of  oils  and  petrochemicals  on  algal  growth 
has  been  completed. 

A special  effort  was  made  to  obtain  specific  references  relating  to  the  effects 
of  the  test  compounds  on  algae.  However,  no  such  specific  references  were  found. 

The  results  of  the  general  literature  survey  which  resulted  in  about  40  recent 
and  relevant  publications  can  be  summarized  as  follows: 


1.  Influences  on  photosynthesis  are  the  principal  effects  noted  for  the  algae, 
possibly  because  of  their  relative  ease  of  measurement,  but  work  on  separation 
of  physical  stresses  from  internal  physiological  effects  is  needed(ll)  in  order 
to  more  fully  understand  the  precise  disruptive  properties  of  oils  on  biological 
systems. 


2.  Many  of  the  precise  physiological  mechanisms  of  oil  interference  with  terrest 
rial  plant  tissues  are  still  speculative  (12,13)  and  remain  to  be  elucidated. 

The  same  comment  is  even  more  cogent  for  the  algae. 


3.  Differences  in  cell  wall  and  cuticular  characteristics  between  algae  and 
the  higher  plants  could  have  significant  bearing  on  the  ability  of  oils  to  pen- 
etrate plant  tissue.  The  relative  abilities  of  the  large  variety  of  photosyntheti 
pigments  in  algae  to  resist  destruction  by  oil  is  a complicating  factor  of  some 
importance.  Disturbance  of  the  precursor  pigments  to  the  chlorophylls  in  the 
light  energy  transfer  system  in  algal  cells  could  cause  severe  metabolic 
problems  even  if  the  chlorophylls  were  not  damaged. 

4.  Other  needed  work  concerns  the  possible  seasonal  effects  of  oil  on  various 
algal  species  according  to  Boney(14).  Consideration  should  always  be  given  to 
the  possible  variable  sensitivities  of  different  stages  in  life  histories  of  algae 
to  the  effects  of  pollutants.  Care  should  also  be  taken  when  attempting  to 
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correlate  results  for  marine  and  fresh  water  situations  because  of  the  possible 
variable  influences  of  environmental  factors  on  the  effects  of  oil  on  plant 
tissues.  Baker  (15)  discussed  these  issues  in  some  detail,  especially  the  impact 
of  temperature  on  oil  toxicity.  Because  of  their  use  commercially,  various  algae 
in  zones  affected  by  oil  pollution,  particularly  in  areas  where  it  is  somewhat 
chronic,  should  be  examined  for  the  possible  accumulation  of  toxic  residues. 
Various  heavy  metal  compounds  and  carcinogens  as  discussed  by  Nelson-Smith  (16) 
are  found  in  oil  and  the  possibility  of  their  incorporation  in  algal  tissues  must 
be  considered. 

Development  of  Equipment  and  Procedures 
Test  Organisms 

Three  species  of  algae  have  been  selected  as  the  bioassay  organisms  and  are  main- 
tained in  pure  culture.  The  three  test  organisms  are: 

Selenestrum  capri cornutum 
Chi  ore! la  (not  Axenic) 

Chlorella  (Axenic) 

Selenestrum  c.  was  selected  as  one  of  the  assay  organisms  because  it  is  one  of  the 
organisms  prescribed  by  the  U.  S.  Environmental  Protection  Agency  (17)  for 
algal  assay  investigations.  The  two  cultures  of  Chlorella  were  selected  on 
the  basis  of  their  suitability  for  the  fundamental  research  investigations  of  the 
specific  effects  of  the  test  compounds  on  the  metabolism  of  algae.  The  first 
algal  assay  organism  is  being  used  in  the  batch  screening  experiments  to  determine 
the  general  effects  of  the  test  compounds.  The  possible  general  effects  of  the 
test  compounds  may  for  example  be  either  growth  stimulating,  growth  inhibitive, 
or  combinations  of  the  two.  This  algal  assay  organism  will  also  be  used  in  the 
continuous  culture  investigations  of  the  effect  of  the  test  compounds  on  the 
biokinetic  characteristics  of  the  assay  organism. 

Bioassay  Equipment 

The  standard  batch  assay  equipment  and  procedures  recommended  by  U.  S. 
Environmental  Protection  Agency  (17)  are  being  used  in  this  research  work. 

The  only  substantial  modification  from  the  standard  procedure  is  related  to  the 
insolubility  of  the  test  compounds.  Instead  of  having  a uniform  concentration 
of  the  test  compound  in  the  aqueous  phase  as  it  is  envisioned  in  the  EPA 
procedure  (17),  a specified  amound  of  material  is  being  added  to  the  assay  flasks. 
Only  a portion  of  the  material  goes  into  solution  while  the  remainder  remains 
as  a solid  phase. 

The  continuous  culture  system  is  being  modified  to  permit  the  handling  of  the 
relatively  insoluble  test  compounds.  It  is  intended  to  use  only  one  concen- 
tration of  each  test  compound  in  the  feed  solution  to  the  continuous  cultures.  • 

The  concentration  chosen  is  the  saturation  concentration  for  each  test  compound. 

It  will  be  maintained  by  keeping  the  feed  solution  in  contact  with  excess 
amounts  of  each  test  compound  before  the  feed  solution  enter  the  individual 
chemostat.  A separate  screening  and  settling  fixture  will  be  developed  to 
assure  that  none  of  undissolved  test  compound  gets  into  the  individual  chemostats. 
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Analytical  Procedures 

The  routine  batch  assay  procedures  (17)  including  the  methods  of  determining 
cell  growth,  etc.  are  well  established  and  are  being  used  without  modifications. 

The  main  efforts  in  the  area  of  analytical  procedures  are  oriented  towards  the 
determination  of  the  concentration  of  the  test  compounds  in  the  0.1  mg/ a to  100 
mg/s.  range.  Two  different  procedures  are  being  tried.  The  first  of  these  is 
based  on  the  determination  of  total  organic  carbon.  This  technique  appears 
promising  as  a rapid  test  of  the  concentrations  of  the  test  compounds  before 
any  growth  of  algae  takes  place.  However,  it  cannot  be  used  after  the  bioassay 
because  the  metabolic  by-products  will  interfere  with  the  test.  The  second 
method  used  is  gas  chromatography.  The  procedures  are  being  established 
and  the  intitial  testing  has  been  completed  but  with  limited  success.  Because 
of  the  limited  solubility  of  the  test  compounds,  expecially  RJ  5,  an  extraction 
step  using  isopentane  will  be  evaluated. 

Experimental  Work 

Batch  assay  testing  has  been  intiated  to  determine  the  effects  of  the  various 
test  compounds  on  the  growth  to  the  test  alga  Selenastrum  capricornutum. 

First  Batch  Assay 

Chemicals  tested  in  the  first  main  batch  experiment  were  N phenyl-a-naphthylamine 
and  p,p'  di octyl  diphenyl  amine  (Vanlube  81).  Each  chemical  was  tested  at 
concentrations  of  Img/a  and  100  mg/st.  Six  replicates  of  each  concentration 
of  the  chemicals  were  tested  in  a base  medium  at  nutrient  levels  of  1%  and 
32%  (see  table  1)  of  the  referrnce  medium  NAAM  as  shown  in  table  2 (17).  These 
two  nutrient  levels  were  selected  as  representative  of  the  range  of  nutrients 
in  natural  lakes  and  streams. 


TABLE  1 

EXPERIMENTAL  DESIGN  FOR  FIRST  BATCH  ASSAY 


TEST  COMPOUND  NUTRIENT  CONCENTRATION  a) 

1 Percent  33  Percent 


N phenyl -a-naphthylamine 

2 Flasks 

0 mg/S 

2 Flasks 

0 mg/s. 

6 Flasks 

1 mg/  i 

6 Flasks 

1 mg/it 

6 Flasks 

100  mg/8. 

6 Flasks 

100  mg/s. 

p,p'di octyl  diphenyl  amine 

2 Flasks 

0 mg/  v. 

2 Flasks 

0 mg/s. 

6 Flasks 

1 mg/ it 

6 Flasks 

1 mg/s 

6 Flasks 

100  mg/ it 

6 Flasks 

100  mg/s 

The  testing  was  conducted  over  a 22-day  period  and  both  algae  cell  numbers  and 
total  algae  cell  volume  were  measured  as  indication  of  the  biological  response 
to  the  test  compound. 

The  results  of  the  first  batch  assay  are  presented  in  the  tables  3 through  6. 
The  results  indicate  the  following: 
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TABLE  2 


REFERENCE  MEDIUM  COMPOSITION 


Macronutrients  - The  following  salts,  Biological  or  Reagent  grade,  in 
milligrams  per  liter  of  glass-distilled  water. 


Compound 

Concentration  (mg/x.) 

Element. 

Concentration  (mg/x.) 

NaN03 

25.500 

N 

4.200 

K2HPO4 

1.044 

P 

0.186 

MgCl2 

5.700 

Mg 

2.904 

MgS04  • 7H20 

14.700 

s 

1.911 

CaCl 2 • 2H20 

4.410 

c 

2.143 

NaHC03 

15.000 

Ca 

1.202 

Na 

11.001 

K 

0.469 

Micronutrients  - The  following  salts,  Biological  or  Reagent  grade,  in 
micrograms  per  liter  of  glass-distilled  water. 

Compound  Concentration  (yg/fc)  Element  Concentration  (yg/&) 


h3bo3 

185. B^O 

B 

32.460 

MnC12 

264.264 

My 

115.374 

ZnCl  2 

32.7C9 

Zy 

15.691 

CoCl  2 

0.780 

Co 

0.354 

CuCl  2 

0.009 

Cu 

0.004 

Na2Mo04  • 

2H20 

7.260 

Mo 

2.878 

FeCl  3 

96.000 

Fe 

33.051 

Na2EDTA  • 

2H20 

300.000 
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GROWTH  OF  SELENASTRUM  IN  THE  PRESENCE  OF  p,p-  dioctyldi phenyl  amine 
CONCENTRATION  OF  BASE  MEDIUM:  33%  Standard  Algal  Assay  Medium 
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GROWTH  OF  SELENAS7RUM  IN  THE  PRESENCE  OF  p.p*  dioctyldiphenylamine 
CONCENTRATION  Of  BASE  MEDIUM:  1%  Standard  Algal  Assay  Medium 
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GROWTH  Of  SEIEMASTRUM  l!i  THE  PRESENCE  OF  N phenyl -o-naphthyl amine 
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p,p‘  dioct.yldiphenylamins: 


This  compound  showed  an  intial  small  bioinhibition  which  changed  into  a small 
bi ©stimulation  towards  the  end  of  the  test  period. 

N phenyl -a- naphthyl amine: 

This  test  compound  showed  a different  pattern  at  the  low  concentration 
(1  mg/t)  as  compared  to  the  high  concentration  (100  mg/i,). 

At  the  lew  concentration  (Img/t).  the  phenomenon  of  initial  bioinhibition 
was  followed  by  biostimulation.  However,  at  the  high  concentration  (100  mg/{ 1 
the  results  showed  a very  significant,  bioinhibition  throughout  the  experiment 
with  the  final  algae  concentrations  less  than  10  percent  of  the  concentrations 
observed  in  the  control  flasks.  Even  the  10  percent  may  be  high  because  micro- 
scopical examinatio«vs  indicated  that  the  material  counted  did  not  all  consist 
of  algae  cells. 

Second  Batch  Assay 

The  second  baten  assay  was  started  in  May.  The  experimental  design  was  modified 
to  improve  the  statistical  analysis  of  the  results.  The  modified  design  is 
shown  in  table  7. 


TABLE  ? 

CONCENTRATION1  Of  TEST  COMPOUND 
AND  NUMBER  OF  TEST  FLASKS 


Test  Compound  __ NUTRIENT  CONCENTRATION  al 

___ , 1 Percent S3  Percent 


RJ  4 

5 Flasks 

0 tsg  . 'i 

5 Flasks 

0 mg  /i 

S Flasks 

1 ®g/{ 

$ Flasks 

1 taq/l 

S Flasks 

100  *g/t 

5 Flasks 

100  &§/ *. 

RJ  5 

5 Flasks 

0 eg/i 

5 Flasks 

0 CTv  • 

S Flasks 

1 ssg/t 

5 Flasks 

1 «sg/  ' 

5 Flasks 

100  ®g/t 

$ Flasks 

100  ->*J} 

a)  Percent  of  the  standard  reference  aedium  (HAMM) 


The  preliminary  results  are  shown  in  tables  8 through  11  for  the  RJ  A and  RJ  $ 
test  compounds.  It  should  be  noted  that  the  growth  in  the  33  percent  base 
median  has  been  completed  but  that  the  growth  in  the  one  percent  base  median 
has  not  leveled  off  after  14  days.  This  experiment  is  therefore  continuing. 

fhe  orelirinary  results  indicate  that  neither  RJ  4 or  RJ  S show  significant 
effects  at  the  leg/c  concentrations.  However,  at  the  100  mg/s  there  is  so** 
inhibition  of  growth  of  the  assay  organism  at  the  low  base  median  concentration. 
The  low  base  median  concentration  resembles  the  conditions  found  in  very  clean 
oligotrophic  lakes. 
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FUTURE  PLANNED  WORK 


After  completion  of  the  second  batch  assay  experiment,  the  major  focus  of  this 
investigational  effort  will  be  on  the  continuous  culture  experiments.  It  is 
expected  that  the  continuous  culture  experiments  for  the  first  two  test  com- 
pounds will  be  completed  in  November  1974.  In  parallel  to  the  continuous  culture 
experiments,  the  work  will  continue  on  the  improvement  of  the  analytical  tech- 
niques and  establishment  of  the  illuminated  Warburg  procedures. 
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G&dWTH  OF  SCLEKAS TffJN  IK  THE  PRESENCE  OF  RJ-4 
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PROJECT  IV 


EFFECTS  OF  POLLUTANTS  ON  EGGS,  EMBRYOS  AND 
LARVAE  OF  THE  LEOPARD  FROG,  RANA  PIPIENS 


INTRODUCTION 

Our  object  was  to  study  the  effect  of  compounds  of  interest  to  the  Air  Force 
upon  the  development  of  eggs,  embryos,  and  larvae  of  the  Leopard  Frog,  kana 
pipiens,  The  project  was  divided  into  two  parts,  an  initial  study  to  determine 
lethal  concentrations  and  exposure  times  to  the  above  compounds,  and  a follow-up 
study  to  determine  if  any  of  the  compounds  were  teratogenic.  During  the  first 
5 months  of  our  research  program  we  have  kept  to  this  outline  except  that  we 
have  added  a second  test  species  to  our  study,  the  South  African  Clawed  Toad, 
Xenopus  leavis.  These  animals  are  easier  to  maintain  than  the  Rana  in  the 
laboratory,  they  spawn  all  year  round,  and  are  commercially  available. 

The  compounds  assigned  to  us  by  the  Air  Force  were  octyl -phenyl -a-naphthyl amine, 
p.p'dioctyldiphenylamine,  and  N phenyl -a-naphthyl amine.  Two  technical  difficulties 
have  affected  the  progress  and  interpretation  of  our  work.  First,  we  found  that 
viability  of  the  tadpoles  we  used  in  our  studies  is  affected  by  handling  and 
transferring  operations.  A number  of  our  experiments  had  to  be  discontinued 
due  to  mechanical  injury  to  the  larvae.  These  problems  are  now  solved.  A second 
difficulty  is  introduced  by  the  low  aqueous  solubility  of  the  three  compounds. 

Our  results  differ  somewhat  depending  upon  the  method  by  which  we  add  the  compounds 
to  water.  Thus  blending  the  compound  into  'solution'  with  a Virtis  Tissue 
Homogenizer  appears  to  yield  a more  uniform  suspension  than  merely  swirling. 
Toxicity  of  at  least  one  compound  (N  phenyl-  -naphthyl amine)  is  increased  by  this 
procedure.  Heating  also  aids  in  dispersing  at  least  one  of  the  compounds 
(octyl-phenyl-a-naphthylamine)  in  aqueous  medium.  We  have  not  yet  determined 
if  there  is  a concomitant  increase  in  toxicity. 

Laboratory  Operations 

Studies  To  Determine  Lethal  Concentrations  Of  The  Three  Amines 


a.  p ,p ' Di octyl  diphenyl  amine  is  the  least  toxic  of  the  three  amines  tested.  When 
continuously  exposed  to  concentrations  of  up  to  1 gram  per  liter  R.  pipiens 
eggs  develop  normally  and  continue  to  show  normal  viability  for  at  least  30 
days.  Higher  concentrations  or  longer  exposure  times  have  not  been  tested. 
Similar  results  have  been  obtained  with  30-day  exposures  of  up  to  200 
milligrams  per  liter  using  X.  laevis  eggs. 

Later  stage  larvae  of  both  species  have  also  been  exposed  to  200  milligrams 
per  liter  p,p'  dioctyldiphenylamine  without  effect. 
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b.  Octyl-phenyl-a-naphthylanrine  also  appears  to  be  relatively  free  of  toxic 
effects.  Fertilized  eggs  developed  normally  for  at  least  30  days  when 
exposed  to  1 gram  per  liter  (R.  pipiens)  or  200  milligrams  per  liter 

(X.  laervis).  Tadpoles  showed  normal  viability.  Later  stages  of  both 
species  tolerated  200  milligrams  per  liter  for  at  least  7 days.  Higher 
concentrations  or  longer  exposure  times  were  not  tested. 

In  one  recent  study,  octyl-phenyl-a-naphthylanrine,  when  blended  into 
suspension  with  the  Virtis  Tissue  Homogenizer,  was  lethal  to  a group  of 
10  stage  45  Xenopus  larvae  at  a concentration  of  200  milligrams  per  liter. 

This  experiment  has  not  been  repeated  with  Xenopus  and  confirmed;  however, 
similar  procedures  have  not  proven  lethal  to  Rana  larvae. 

c.  N phenyl -a-naphthyl amine  is  the  most  toxic  of  the  three  amines  we  are 
testing.  When  blended  into  suspension  for  4 minutes  with  a Viritis  Tissue 
Homogenizer,  it  is  lethal  to  late  stage  pipiens  and  laevis  larvae  at  5 
milligrams  per  liter  within  24  hours  (table  1)7  When  fertilized  eggs  are 
continuously  exposed  to  this  compound,  up  to  200  milligrams  per  liter,  they 
develop  normally  and  show  normal  viability  until  stage  18  (table  2).  However, 
from  stage  20  on  (characterized  by  beating  heart  and  blood  circulation  in 
external  gills)  as  little  as  5 milligrams  per  liter  is  toxic  when  a blender 

is  used;  otherwise,  toxicity  occurs  from  20-50  milligrams  per  liter. 

Studies  To  Determine  Effects  Of  Short  Exposure  To  Lethal  Concentrations  Of 
N phenyl-a-naphthylamine 

a.  For  these  experiments  tadpoles  were  exposed  to  various  concentrations  of 
amine  for  from  1 to  3h  hours  and  then  transferred  to  fresh  water  which  did 
not  contain  any  amine.  Thus  far,  only  preliminary  data  are  available.  These 
indicate  that  concentrations  of  N phenyl-a-naphthylamine  up  to  50  milligrams 
per  liter  are  not  toxic  when  exposure  time  is  3k  hours  or  less.  Higher 
concentrations  and  longer  exposure  times  are  being  tested. 

Teratogenic  Effects  Of  Amines 

a.  These  studies  could  not  commence  until  lethal  and  sublethal  doses  and  exposure 
times  were  ascertained.  However,  some  preliminary  information  can  be  extracted 
from  the  foregoing  studies,  namely  that  exposure  to  p ,p 1 di octyl  diphenyl  amine 
octyl-phenyl-a-naphthylamine  using  the  preceding  regimens  does  not  cause 
gross  morphological  abnormalities  in  developing  Xenopus  and  Rana  tadpoles. 
Furthermore,  N phenyl-a-naphthylamine  does  have  an  effect  on  larval  develop- 
ment. The  lethal  doses  used  thus  far  have  also  caused  noticeable  retardation 
in  growth  rate  (figure  1). 

Histological  Studies 

In  the  foregoing  experiments,  specimens  were  observed  and  analyzed  at  the 
macroscopic  level.  Any  subtle  microscopic  effects  not  leading  to  death  would 
remain  unobserved.  We  are,  therefore,  carrying  out  histological  examinations  on 
selected  specimens  to  ensure  that  we  are  not  overlooking  derangement  of  internal 
organs. 
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TABLE  1.  EFFECT  OF  EXPOSURE  TO  AMINES  ON  VIABILITY  OF  FROG  LARVAE 


TREATMENT 

Number  of  larvae 
exposed 

Number  of  larvae 
surviving  24  hours 

Number  of  larvae 
surviving  48  hours 

Control 

125 

125 

125 

N-phenyl-a- 

naphthylamine 

5mg/l  or  greater 

125 

125 

0 

Octyl -phenyl 
naphthyl amine 
50mg/l 

125 

125 

125 

p,p'  Dioctyl diphenyl  amine 
100mg/l 

125 

125 

0 

Larvae  of  stage  20  (heart  beat)  or  later  were  used  for  this  experiment. 


TABLE  2.  EFFECT  OF  EXPOSURE  OF  FERTILIZED  FROG  'EGGS  TO  AMINES  ON  VIABILITY 


NUMBER  OF 

NUMBER  OF  EMBRYOS  SURVIVING 

TREATMENT 

EMBRYOS 

EXPOSED 

Stage  10 

Stage  14 

Stage  18 

Stage  20 

(dorsal  lip) 

(neurula) 

(muscular 

response) 

(heart  beat) 

Control 

100 

100 

100 

97 

90 

N-phenyl-a- 

naphthylamine 

20mg/l 

100 

100 

100 

0 

200mg/l 

100 

100 

100 

Octyl-phenyl-a- 

naphthylamine 

20mg/l 

100 

100 

100 

95 

92 

200mg/l 

100 

100 

100 

90 

88 

p,p'  Dioctyldiphenylamine 

20mg/l 

100 

100 

100 

91 

85 

200mg/l 

100 

100 

.....  . ...  .. 

100 

■ ■ - 

90 

80 
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a. 

Control 

b. 

Compound 

Figure  1.  Effect  of  exposure  to  N phenyl -a-naphthyl amine  on  development 
of  frog  larvae. 

a.  Camera  lucida  drawing  of  control  stage  24. 

b.  Camera  lucida  drawing  of  larvae  exposed  continuously  to 
N phenyl-a-naphthylanrine. 
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